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Abstract 
One of the most challenging issues in earthquake engineering is structural damage determination, monitoring and resistance in earthquake 
conditions. In this regard, the need for design and construction of smart systems with structural form, combinational and behavioral 
adaption capability with environmental conditions in recent decades has been increased. These structures own natural or acquired 
capability in responding exteroceptives and capability of form, combination and behavior adaption with environmental conditions. One of 
the most vital and basic infrastructures playing an important role in earthquake crisis management is the bridges. Destruction and damage 
of the bridges can make rescue operations encounter critical problems. Thus, taking smart systems into account in the structure of these 
bridges is essential in order to decrease earthquake impact and increase reliability of the bridges. In this regard, this research is centralized 
on different possible methods of designing the smart structure of vital bridges in Iran against earthquake effects. Five main methods have 
been chosen by asking experts in the related fields and to evaluate and select a proper way to design smart bridges. Five indices of 
casualty and vulnerability reduction, possibility of localization of sensor technology, performance costs, performance speed and 
maintenance were considered and using pairwise comparison method final weight of indices. Finally methods have been determined and 
we came up with the result that active structures method is the optimal method in smart bridges. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and peer-review under responsibility of the Vilnius Gediminas Technical University. 
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1. Introduction  
One of the most challenging issues in earthquake engineering is structural damage determination, monitoring and 
resistance in earthquake conditions. In this regard, the need for design and construction of smart systems with structural 
form, combinational and behavioral adaption capability with environmental conditions in recent decades has been increased. 
These structures own natural or acquired capability in responding exteroceptives and capability of form, combination and 
behavior adaption with environmental conditions [1]. Application of smart structures such as structural health monitoring 
system seems to be very reasonable, because these systems can reduce repair costs and maintenance of structures and 
casualties caused by structural damage [2]. Smart structures and systems utilization can be classified in to three areas of 
study: Structure health monitoring (SHM), control and versatility, artificial intelligence of structures. Nit's about three 
decades that society of civil engineers has become familiar with the technology of active monitoring the vibration of 
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structures especially in earthquake conditions. Nevertheless, majority of the engineers don’t see a difference between active 
monitoring of the vibration and smart structures [3–10]. 
One of the most vital and basic infrastructures playing an important role in earthquake crisis management is the bridges. 
Destruction and damage of the bridges can make rescue operations encounter critical problems. In this regard designing 
smart bridges is highly recommended due to the improper condition of the existing bridges and considerable growth of 
constructions in cities of Iran. Therefore the first step in designing the smart bridges is identifying and choosing the best 
methods. In this regard choosing an appropriate method in designing Iran bridges is inevitable. 
The most important ones are mentioned below: 
Farshad [1] studied on smart structures and materials on 1995. This research focused on classifying smart materials and 
related sensors and at last presented a structure of a primary smart system in buildings. Ryu et al. [11–12] studied on fiber 
bragg grating (FBG) and data transfer and retrieve system through these fibers to smart systems in the years 2001and 2002. 
Studies of Kim et al. [13] in this field are considerable as well. These studies focused on concrete structures reinforcement 
using carbon fiber sheets. They used FBG sensors for structure behavior monitoring in carbon sheets on 2003. Kim et al. 
[14] did another research in that year. It was about nuclear power plant vital structures damage detection, using the FBG 
sensors. Yoon et al. [14] did a research on active layers embedded with piezoelectric sheets to monitor damages and defects 
in industrial equipment, concrete and steel structures.  
Studies of Park et al. in the years 2005 and 2006 are to be mentioned as well. The main aim of their study was 
determination of damage in steel organs of structures using piezoelectric sensors [15–16]. 
Yun et al. [17] studied the static determination technique to evaluate damage, using natural network algorithm. 
In the years 2005 and 2006 Park et al. did another research on identification of cracks on steel and concrete structures 
[18–19]. They used wave base method in this research. Sohn et al. [20] presented a new method to identify structural cracks 
using the piezoelectric sensors. Mardiyono et al. [21] also did some researches on a particular system to predict damage 
indices in high structures using natural network. In this study according to valid functionality in FEMA356 [22] and damage 
indices, a network was designed and then an alarm system was installed to inform the inhabitants of the building through 
audio system about damage rate in critical conditions or inform the managers via E-mail. 
The bridges in the world to be monitored by a health monitoring system are listed below: 
• The Beddington Trail Bridge in Calgary, Canada [23]. 
• Two bridges in Winterthur, Switzerland [24]. 
• The Versoix Bridge in USA [25]. 
• Long steel truss bridge spanning the Winooski River in Waterbury, Vermont [26]. 
• A bridge monitoring in mainland China [27]. 
• Cable-stayed bridge across the Yangtze River in China [28]. 
• Park et al. However, besides the electrical impedance method, they have also used Lamb wave method to detect damages 
in a steel bridge component [16]. 
• Soh et al. carried out an impedance-based health monitoring and damage detection using PZT patches on a prototype 
reinforced concrete (RC) bridge [29]. 
2. Type of Scenario for designing smart bridge against earthquake 
2.1. Scenario 1: Vibration-based damage assessment of bridges (A1)  
Vibration-based damage assessment procedures can be classified into two parts: data processing of the measured data for 
feature extraction and information processing of the extracted features for damage detection and identification [30]. 
Recently, soft computing techniques, such as genetic algorithm (GA) and NNs have been used increasingly for damage 
estimation due to their excellent pattern recognition capability [31]. 
2.2. Scenario 2: Hybrid structural health monitoring technique (A2) 
To ensure structural integrity and safety, civil structures have to be equipped with Structural Health Monitoring (SHM), 
which aims to develop automated systems for the continuous monitoring, inspection, and damage detection of structures 
with minimum labour involvement [32]. 
An effective SHM system can in real time, and online, detect various defects and monitor strain, stress, and temperature 
so that the optimum maintenance of the structures can be carried out to ensure safety and durable service life. In general, a 
typical SHM system includes three major components: a sensor system, a data processing system (including data 
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acquisition, transmission, and storage), and a health evaluation system (including diagnostic algorithms and information 
management) [33]. 
2.3. Scenario 3: Adaptive structure (A3) 
Adaptive structures have been defined as those which possess actuators that can alter the state and/or characteristics of 
the system in a controlled manner [1]. Adaptive structures have the ability to adapt, evolve or change their properties or 
behavior in response to the environment around them. 
2.4. Scenario 4: Active structure with discrete sensor and actuator (A4) 
Active structures are a subset of controlled structures in which the sensor and the actuator mechanisms are integrated 
with the structure itself. Such structures possess discreetly placed sensors and actuators are built into the architecture of 
structure [1]. 
2.5. Scenario 5: Active structure with highly distributed sensor and actuator (Intelligent structure) (A5) 
Intelligent structures are subset of active structures; they are differentiated from the other type of active structures by 
presence of high distributed control system. An intelligent structure contains highly integrated sensory and control logic, 
placed in a hierarchical order [1]. 
3. Methodology 
In this study to Choosing the best design scenario of the smart structure of Iran bridges, first they are identified by using 
the library resources. Then, all of the proposed indicators to assess the design Scenario of the smart structure of Iran bridges 
are extracted by interviewing experts in the field of structural engineering, earthquake engineering and construction 
management (based on Table 1). then, to obtain experts ideas, a questionnaire to weight effective indices, presented to 14 
experts, then by applying the group decision making method  based on pairwise comparisons model, existential necessity 
degree of each index and also procedures, in a frame of nine point Likert scale, is obtained.  Finally priorities and final 
weight of indices determined. Also in order to evaluate the validity of questionnaires Cronbach’s Alpha test is used [34]. 
3.1. AHP method 
Analytical Hierarchy Process is designed in accordance with human nature and mind and goes with it. This process is a 
set of judgments (decisions) and personal valuations in a reasonable approach. So it can be said that the technique in one 
hand, depends on personal impressions and experiences to form and plan  an issue hierarchically, and in the other hand, it 
depends on logic, understanding and experience for decision making and final judgment.  
AHP method is based on three steps: first, structure of the model; second, comparative arbitration of options and criteria 
and third, combination of priorities [35].  
Forman (1985) believes that Analytical Hierarchy Process is one of the most comprehensive systems designed for multi-
criteria decision-making, because this technique provides the possibility to formulate the problem hierarchically and also 
has the ability to consider various quantitative and qualitative criteria in the issue. This process involves different options in 
decision making and has the possibility of sensitivity analysis on criteria and sub-criteria. Furthermore, it has been 
established based on pair wise comparison, which facilitates judgments and calculations. It also shows the compatibility and 
incompatibility of the decision that is one of distinctive advantages of this technique in multi-criteria decision making. 
Recently decision making models based on AHP method have some improvements including: 
Medineckiene et al. [36] used AHP technique to assess resistant structures. Podvezko et al. [37] used AHP technique to 
assess contracts. Sivilevicius [38] used AHP technique in the quality of Technology. Fouladgar [39] used AHP technique in 
prioritized strategies. Bitarafan et al. [40] used AHP technique in reconstructing damaged areas in natural crises. 
In Analytical Hierarchy Process elements at each level are compared to its corresponding element in higher level in a pair 
wise form, and their weights will be calculated. These weights are called relative weights. Then, by combining relative 
weights the final weight of each item will be determined which is called absolute weight. All comparisons in Analytical 
Hierarchy Process are done in a pair wise form. In these comparisons decision-makers use oral judgments. 
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3.2. Data gathering  
At the first step, top managers with experience about earthquake engineer and a group of experts in construction 
management, structural engineering a conference meeting for decision making in this area and with a preliminary work the 
decision making team determined four important criteria for best design scenario of the smart structure of Iran bridges. 
Information about experts is shown in Table 1. 
Table 1. Background Information of Experts 
Variable Items NO Variable Items NO 
1) Earthquake Bachelor  3) Structure Bachelor  
Engineer Master 2 Engineer Master 2 
Ph.D. 3 Ph.D. 2 
2) Construction   Bachelor  4) Top Bachelor  
Management Master 1 Managers Master 2 
Ph.D.  Ph.D. 2 
4. Determine effective indicators on the selection 
Indices influencing the assessment of design Scenario of the smart structure of Iran bridges have been identified, and 
deciding indices are include of a set of defending and executing characteristics which have been regarded in Table 2.  
Table 2. Indicators influencing on choosing the best design scenario of the smart structure of Iran bridges 
Choosing the best design scenario of the smart structure of Iran bridges 
Reduce mortality and vulnerabilityX1 
Possibility of localization of technologyX2 
Performance speedX3 
Performance costsX4 
Maintenance X5 
5. AHP results 
In this stage using obtained weights from the mentioned questionnaire, the pairwise comparison judgment matrix of 
indices (Table 2) has been formed on Expert Choice software and then pairwise comparison judgment matrixes of each real-
time intelligent sensors has been extracted for each index which has been presented in the Table below. 
According to the results of AHP calculations, the Reduce mortality and vulnerability is the most important criterion in 
best design scenario of the smart structure of bridges. It is followed by the Performance costs as the second most important 
criterion, the Possibility of localization of technology as the third most important criterion, the Maintenance as the fourth 
most important criterion and the Performance speed as the fifth most important criterion. 
Table 3. Pairwise comparison judgment matrix of indices and criteria influencing the choosing 
the best design scenario of the smart structure of Iran bridges (Source: The authors) 
 X1 X2 X3 X4 X5 Weights 
X1 1 4.42 6.51 1.25 5.53 0.426 
X2  1 2.02 0.286 2.10 0.118 
X3   1 0.242 0.472 0.058 
X4    1 4.32 0.318 
X5     1 0.081 
IR= 0.02 
Table 4 presents judgment matrix and final weight of each scenario in mortality and vulnerability reduction criterion. 
Accordingly, fifth scenario holds the highest weight and it’s followed by fourth, third, second and first scenarios. 
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Table 4. Pairwise comparison judgment matrix of each design scenario in the index of 
reduces mortality and vulnerability  
 A1 A2 A3 A4 A5 Weights 
A1 1 0.207 0.195 0.122 0.112 0.032 
A2  1 0.585 0.243 0.203 0.096 
A3   1 0.352 0.262 0.134 
A4    1 0.990 0.346 
A5     1 0.392 
IR= 0.03 
Table 5 presents judgment matrix and final weight of each scenario in possibility of localization of technology criterion. 
Accordingly hybrid structural health monitoring technique holds the highest weight and it’s followed by vibration-based 
damage assessment of bridges. These two design scenarios hold more than 62% of the weight with each other.  
Table 5. Pairwise comparison judgment matrix of each design scenario in the index of 
possibility of localization of technology  
 A1 A2 A3 A4 A5 Weights 
A1 1 0.719 1.93 3.12 5.42 0.305 
A2  1 1.91 3.25 5.54 0.352 
A3   1 2.11 3.19 0.183 
A4    1 2.27 0.104 
A5     1 0.055 
IR= 0.01 
Table 6 presents judgment matrix and final weight of each scenario in performance speed criterion. Accordingly, the first 
scenario holds the highest weight and it’s followed by second, third, fourth, and fifth scenarios. 
Table 6. Pairwise comparison judgment matrix of each design scenario in the index 
performance speed  
 A1 A2 A3 A4 A5 Weights 
A1 1 2.36 3.12 4.18 7.82 0.451 
A2  1 2.11 2.21 4.91 0.239 
A3   1 2.24 3.88 0.162 
A4    1 3.03 0.103 
A5     1 0.044 
IR= 0.02 
According to the obtained results of the pair wise matrix of Table 7 associated with performance cost index, first scenario 
holds the highest weight and it’s followed by second scenario and third, fourth and fifth scenarios come next in the ranking. 
Table 7. Pairwise comparison judgment matrix of each design scenario in the index 
of performance costs  
 A1 A2 A3 A4 A5 Weights 
A1 1 1.02 1.17 1.29 8.01 0.268 
A2  1 1.32 1.26 6.75 0.263 
A3   1 1.27 6.67 0.229 
A4    1 6.52 0.205 
A5     1 0.034 
IR= 0.00 
Table 8 presents judgment matrix and final weight of each scenario in maintenance criterion. Accordingly the first 
scenario holds the highest weight and it’s followed by second, third, fourth and fifth scenarios. 
Table 8. Pairwise comparison judgment matrix of each design scenario in the index 
of maintenance  
 A1 A2 A3 A4 A5 Weights 
A1 1 2.11 2.19 2.23 6.86 0.388 
A2  1 1.73 1.12 3.72 0.215 
A3   1 1.52 3.62 0.182 
A4    1 3.37 0.163 
A5     1 0.052 
IR= 0.01 
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Table 9. Final weight of each design scenario  
Scores from the experts’ ideas
criteria Importance coefficient 
A5A4A3A2A1
0.392 0.346 0.134 0.096 0.032 0.426 Reduce mortality and vulnerability 
0.17 0.15 0.06 0.04 0.01 Reduce mortality and vulnerability ×  average 
0.055 0.104 0.183 0.352 0.3050.118 Possibility of localization of technology
0.01 0.01 0.02 0.04 0.04 
Possibility of localization of technology×  average obtained 
scores 
0.044 0.103 0.169 0.239 0.4510.058 Performance speed
0.003 0.006 0.010 0.014 0.026 Performance speed×  average obtained scores 
0.034 0.205 0.229 0.263 0.2680.318 Performance costs
0.011 0.065 0.073 0.084 0.085 Performance costs×  average obtained scores 
0.052 0.163 0.182 0.215 0.388 0.081 Maintenance 
0.004 0.013 0.015 0.017 0.031 Maintenance × average obtained scores 
0.171 0.238 0.182 0.207 0.202 Final score each design scenario 
6. Conclusion 
Prediction and primary alarm and responding stage can be mentioned as two of the most important stages in crisis 
management, playing a big role in human casualty reduction .One of the most important options in mentioned stages having 
lots of functionality is changing the structure in to smart structure in crisis conditions. Managing critical situations is a 
difficult problem for all managers and decision makers. The possibility of selecting the appropriate Design Scenario which 
can consider all the criteria of the Smart Structure of Bridges for Probably Future Earthquakes can be useful for decision 
makers in managing crises. In this regard, this research is centralized on different possible scenario of designing the smart 
structure of vital bridges in Iran against earthquake effects. Five main scenarios have been chosen by asking experts in the 
related fields and to evaluate and select a proper way to design smart bridges five indices of casualty and vulnerability 
reduction, possibility of localization of sensor technology, performance costs, performance speed and maintenance were 
considered and using pairwise comparison method final weight of indices and methods have been determined and we came 
up with the result that active structures method is the optimal method in smart bridges and the methods health monitoring 
system, adaptive structure sensor and intelligent structure take the next places in the ranking. The Reduce mortality and 
vulnerability is the most important criterion in best design scenario of the smart structure of bridges. It is followed by the 
Performance costs as the second most important criterion, the Possibility of localization of technology as the third most 
important criterion, the Maintenance as the fourth most important criterion and the Performance speed as the fifth most 
important criterion.  
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